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Abstract: Ankle sprain is the most commonly diagnosed injury experienced by ballet dancers with
few studies investigating preventive support measures such as Kinesio taping. The need exists to
examine the mechanical support characteristics of Kinesio taping and effect of application on ankle
motion and performance. This may be important to understanding the mechanical mechanisms
attributed to Kinesio ankle taping and justify its use in the prevention and treatment of jump
landing injuries in ballet dancers. This study compared Kinesio taping with and without tension
and no tape (control) on active and passive measures of ankle complex motion in healthy ballet
dancers. A secondary objective was to examine the effect of Kinesio taping on balance using time
to stabilization. Participants performed three ballet jumps with single-leg landings on a force plate
across three ankle support conditions consisting of Kinesio taping, sham-Kinesio taping, and no
tape. Sagittal and frontal plane motion and load-displacement of the ankle complex for each support
condition were obtained using an ankle arthrometer. Kinesio taping with tension significantly
restricted inversion-eversion rotation and increased inversion stiffness of the ankle complex (p < 0.05).
No significant differences were found among the three ankle support conditions for jump landing
time to stabilization (p > 0.05). Arthrometric results indicate Kinesio taping significantly restricted
ankle complex motion in the frontal plane that is associated with lateral ankle sprain. Objective
information on the nature of Kinesio taping support can assist sports medicine practitioners when
recommending ankle support to athletes.

Keywords: ankle arthrometry; ankle sprain; ballet dancers; Kinesio tape; time to stabilization

1. Introduction

Classical ballet movements and jump landings require ankle range of motion and stability when
balancing in extreme single-leg stance postures [1,2]. Sufficient ankle plantarflexion is vital to achieving
full pointe and postural control is important to technical execution and the elegance of movement
associated with ballet [3]. The physical demands of ballet, often paired with strenuous training and
performance schedules, result in lateral ankle sprain being the most common ankle injury among
female ballet dancers [4-6].

Kinesio taping, a recently developed and popular method of taping is considered potentially
beneficial to use with ballet dancers [7]. Kinesio taping is purported to allow normal ankle plantar-

J. Funct. Morphol. Kinesiol. 2019, 4, 19; d0i:10.3390/jfmk4020019 www.mdpi.com/journal/jfmk


http://www.mdpi.com/journal/jfmk
http://www.mdpi.com
https://orcid.org/0000-0001-9550-8971
http://www.mdpi.com/2411-5142/4/2/19?type=check_update&version=1
http://dx.doi.org/10.3390/jfmk4020019
http://www.mdpi.com/journal/jfmk

J. Funct. Morphol. Kinesiol. 2019, 4, 19 2of 14

dorsiflexion range of motion while reducing accessory anterior-posterior translation of the ankle
complex and is purported to support and stabilize the ankle joint through enhanced proprioception,
increased muscle activation, and/or alteration of perception of exercise [8-10]. Methodological
differences in ankle tape application include variations in tape application procedures, such as the
nature of skin preparation, the amount of tension generated within tape strips as they are adhered to
the skin, and the orientation of tape strips in relation to anatomic structures. While traditional athletic
tape is typically applied solely around the ankle joint using stirrups, a figure-of-eight configuration,
and heel-locks, Kinesio tape can be applied over and around muscles to provide support [11]. To our
knowledge, no studies have been reported showing Kinesio tape acts as a mechanical constraint to
inversion-eversion motion within the frontal plane. In addition, limited information exists on joint
elasticity (stiffness) variables of the ankle complex with Kinesio taping [10].

Meta-analysis of previous Kinesio taping investigations involving the lower extremity and ankle
functional performance show that the Star Excursion Balance Test and vertical jump results for
Kinesio taping were superior to placebo taping and tension-free taping and had no effect on range of
motion [12]. Given that plantarflexion and inversion rotation of the ankle complex are associated with
lateral ankle sprain, quantifying the effect of Kinesio taping on the ankle complex and jump landing
postural control is relevant in the dance population [11,13,14]. Jump landing forces at ground contact
can be used to elucidate balance-control strategies such as time to stabilization (TTS). TTS calculates
the time (in seconds) it takes post landing for an individual’s ground reaction forces to stabilize to
the level of normal quiet stance. An ability to stabilize quickly is generally considered as a positive
or protective trait. The effect of Kinesio taping on time to stabilization during jump landing has not
been previously reported in ballet dancers. Research findings indicate a link between ankle injury
and subsequent deficits in balance, which is important to the ballet dancer when performing complex
movements that require jumping and landing [1,15-17].

The need exists to examine the mechanical support characteristics of Kinesio tape and its
effect of application on ankle motion and performance. This may be important in identifying and
understanding the mechanical support mechanisms attributed to Kinesio ankle taping to justify its
use in the prevention and treatment of jump landing injuries. The primary purpose of this study
was to compare Kinesio taping with and without tension and no tape (control) on active and passive
measures of ankle complex motion in healthy ballet dancers. Additionally, it is important that taping
does not hinder performance or the aesthetics of the dance choreography. A secondary objective was
to examine the effect of Kinesio taping on balance using TTS in the execution of sauté arabesque,
sissonne ouverte de c6té, and sissonne ouverte an evant single-leg jump landings. We hypothesized
Kinesio tape application with tension would decrease ankle complex anterior-posterior translation and
inversion-eversion rotation, increase anterior-posterior and inversion-eversion ankle complex stiffness,
and not restrict plantarflexion (PF) and dorsiflexion (DF) range of motion (ROM) when compared
to Kinesio tape application without tension and wearing no-tape. Regarding TTS, we hypothesized
that Kinesio taping with tension would reduce jump landing time to stabilization when compared to
Kinesio tape application without tension and wearing no-tape, but did not expect to find differences
between the Kinesio tape application without tension and wearing no-tape.

2. Materials and Methods

2.1. Study Design

This study employed a mixed-model, repeated measures design. The independent variables
included ankle support condition with three levels (Kinesio taping with tension, Kinesio taping
without tension [sham-Kinesio taping], and no-taping) and ballet jump landing with three levels (sauté
arabesque, sissonne ouverte de c6té, and sissonne ouverte an evant). Dependent variables included
passive measures of anterior-posterior and inversion-eversion ankle complex motion and stiffness;
active PF and DF ROM, and jump landing time to stabilization.
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2.2. Participants

12 non-professional female ballet dancers (18.25 & 2.5 years; height: 160.21 £ 7.89 cm; weight:
65.69 + 18.59 kg.) with no reported history of ankle or lower leg injury participated. Mean experience
dancing en pointe was 5.91 &+ 2.6 years. An a priori power analysis showed that in order to detect
large-sized effects (i.e., a partial eta-squared (12) value of 0.14) between conditions with 80% power,
at least 12 participants were required. This study was approved by the University of South Alabama
Institutional Review Board (IRB: 14-188; August 14, 2018), and all subjects age 18 or over signed
informed consent forms. Dancers under 18 years of age signed an assent form, and their parent signed
a parental permission form.

2.3. Instrumentation

Testing of ankle complex passive and active motions was conducted using a portable ankle
arthrometer (Blue Ray Research Inc., Navarre, FL, USA). Ankle arthrometry is an objective method
for assessing non-weight bearing translatory and angular motions of the foot in relation to the leg
that result from the combined motions of the talocrural and subtalar joints. The ankle arthrometer
has been reported to be highly reliable for examiner intratester reliability (anteroposterior translation:
Intraclass Correlation Coefficient [ICC] = 0.98, Standard Error of the Mean [SEM] 0.89 mm and for
Inversion-eversion rotation: ICC = 0.91, SEM = 0.98°) and a valid tool for ankle ligamentous stability
assessment [18,19]. High validity of measurement has been derived by comparison with concurrent
measurement of tibial-calcaneal bone motion in cadaver specimens for sagittal-plane translation
(r = 0.88) and frontal-plane rotation (r = 0.86).

As seen in Figure 1, the arthrometer consists of a spatial kinematic linkage, an adjustable plate
fixed to the foot, a load-measuring handle attached to the footplate through which the load is applied,
and a reference pad attached to the tibia [20]. The spatial kinematic linkage is a six-degrees-of-freedom
electrogoniometer that measures applied forces and moments and the resultant translations and
rotations of the ankle complex [21]. The arthrometer spatial linkage connects the tibial pad to
the footplate and measures the motion of the footplate relative to the tibial pad. When load is
applied to the handle attached to the footplate, the spatial linkage uses the electrogoniometer to
measure anteroposterior (AP) load displacement and inversion-eversion (I-E) rotation. In addition,
the electrogoniometer measured ankle-flexion angle from the plantar surface of the foot relative to
the anterior tibia. The resulting AP displacement (millimeters) and I-E rotation (degrees of range of
motion) along with the corresponding AP load and I-E torque were recorded. A custom software
program written in LabVIEW (National Instruments) was used for collection and reduction of the data.

Loading Handle
Anterior

Load Cell )
Posterior

Straps —__°
Tibial Pad — \x
8 D.OF.

s Y
Restraining Internal-External Axis
Strap

Figure 1. Ankle arthrometer.
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Jump landing time-to-stabilization was assessed with a force plate (Advanced Mechanical
Technologies Inc., Watertown, MA, USA) mounted to a wooden platform. The force platform was
calibrated with known loads to the voltage recorded before testing. Kinetic data was collected at
180 Hz, real time displayed, and analyzed using BioAnalysis 3.1 software (Advanced Mechanical
Technologies Inc., Watertown, MA, USA).

2.4. Data Collection

2.4.1. Taping Procedure

The dominant ankle was determined as the foot on which each dancer landed when performing
the sissonne and sauté arabesque jumps. All participants were randomly assigned and participated in
each of three support trials: KT (Kinesio taping), ST (sham-Kinesio taping), and NT (no taping).

The dominant ankle was taped for prevention of a lateral ankle sprain in accordance with Kinesio™
Tape guidelines as recommended by the Kinesio Taping Association International. The same taping
configuration was applied for both taped supports by the principle investigator. The Kinesio tape
application for the KT trial was applied at 90-100% of the tape’s maximum length. The Kinesio
tape application for the ST trial was applied in the same configuration but without tension. Prior to
application, the foot and ankle were cleaned with alcohol. Each participant was blinded to the type of
tape application to reduce the possibility of subject bias.

For the KT and ST trials, three strips of Kinesio tape were applied with the foot held in full
dorsiflexion. Anatomical landmarks were used as a guide to apply each tape strip. Figure 2 shows
the stirrup strip applied to the plantar surface of the foot just anterior to the calcaneous. The lateral
side of the stirrup was stretched over the lateral malleolus, and then the medial side of the stirrup was
stretched over the medial malleolus.

Figure 2. Medial view of the first strip of Kinesio tape.

Figures 3 and 4 show the figure-of-eight strip, which was applied perpendicular to the Achilles
tendon. The lateral side of the strip was stretched over the lateral malleolus and over the dorsal aspect
of the foot to close on the medial plantar surface of the foot. The medial side of the strip was stretched
over the medial malleolus and over the dorsal aspect of the foot to close on the lateral plantar surface
of the foot.
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Figure 3. Medial view of the second strip of Kinesio tape.

Figure 4. Anterior view of the second strip of Kinesio tape.

The third strip (Figures 5 and 6) was applied first to the plantar surface of the foot anterior to
the calcaneous and just anterior to the first strip. The lateral side of the strip was stretched over
the dorsal aspect of the foot and over the medial malleolus to close perpendicular to the Achilles
tendon. The medial side of the strip was stretched over the dorsal aspect of the foot and over the
lateral malleolus to close perpendicular to the Achilles tendon. After application of all strips, the tape
was rubbed for 20-30 s to ensure activation and adherence of the tape’s glue.

Figure 5. Lateral view of the third strip of Kinesio tape.
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Figure 6. Anterior view of the third strip of Kinesio tape.
2.4.2. Ballet Jump Procedures

Participants warmed-up by performing static stretching and dynamic movements and were
allowed to practice all jumps prior to data collection. Jump landings resulting in stumbling, touching
down with the non-weight bearing leg, or incorrectly executed were repeated. In each ankle support
trial, participants were randomly assigned and performed three ballet movements and jumps that
ended in a single-leg landing on the dominant leg for a sauté arabesque (Figure 7), sissonne ouverte de
coté (Figure 8), and sissonne ouverte (Figure 9). All jumps were performed in pointe shoes. All jumps
were performed facing a mirror to provide visual feedback and simulate common training practice [22].
Arm positioning was standardized for each jump. All jumps began off the force plate and ended with
a single-leg landing onto the center of the force plate. Upon landing, the participants were instructed
to stabilize as quickly as possible and remain motionless for 10 s.

Figure 7. Jump landing in plié on the force plate for sauté arabesque.
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Figure 9. Jumping landing in plié on the force plate for sissonne ouverte an evant.

2.4.3. Ankle Arthrometric Procedures

Our testing procedures replicated previously reported research [10,18-20,23]. Ankle motion
testing replicated previously reported methods and was performed after the completion of each jump
for each support condition. Each participant removed her pointe shoe and was positioned supine on a
padded table with the knee supported in 15 to 20 degrees of flexion and the foot positioned off the
table [20]. To prevent lower leg movement, a restraining strap attached to the support bars beneath
the table was secured and tightened around the distal lower leg approximately 1 cm superior to the
malleoli. The examiner secured the arthrometer to the foot by placing the bottom of the foot onto the
footplate and adjusting the heel and dorsal clamps. The heel clamp prevented the device from rotating
on the calcaneus, while the dorsal clamp secured the foot to the footplate. A pad positioned 5 cm
above the ankle malleoli was secured to the tibia. To minimize the variation between the forces applied
to the ankle, the arthrometer was oriented in a similar manner on each leg for all tests. The force loads
administered by the examiner were applied through the load handle in line with the footplate.

To measure passive AP displacement and I-E rotation, the foot was positioned at zero AP load,
zero I-E moment, and a neutral (0°) flexion angle, which was the measurement reference position.
To record AP displacement, the ankle was loaded with 100 N of anterior and posterior force. Starting
at the neutral position, an anterior load was applied initially, followed by a posterior load. For I-E
rotation, the ankles were loaded to 4 N-m of inversion and eversion torque. Starting at the neutral
position, inversion loading was applied first, followed by eversion loading. The computer monitor
was visualized to control the application of force required to obtain the maximum load of 100 N for AP
displacement and 4 N-m for I-E rotation [18-20].

To measure non-weight-bearing active dorsiflexion (DF) and plantarflexion (PF) the subject
maximally plantarflexed and dorsiflexed her foot. The ankle was positioned at neutral (0 degrees of
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flexion), which was defined as the measurement reference position [18-20]. This angle was measured
from the plantar surface of the foot relative to the anterior tibia via the tibial reference pad and
determined by the six-degrees-of-freedom electrogoniometer within the instrumented linkage. Ankle
motion was recorded as the number of degrees of angular movement from that position in either a
dorsal or plantar direction.

2.4.4. Data Reduction and Statistical Analysis

For ankle arthrometry, the data was sampled at 2500 Hz and then groups of 41 numbers were
averaged together to create a single data point at approximately 60 Hz, which was then used in the
calculations. AP displacement at £100 N and I-E rotation at £4 N-m torque, as well as the AP and I-E
stiffness divided into low- and high- loading ranges were used as dependent variables. To quantify the
elasticity of the ankle complex, secant stiffness was calculated as the change in applied force divided
by the resulting change in AP displacement and I-E rotation over a load range [21]. To measure AP
stiffness, the data were examined over a low-loading range (£0 to 50 N) and high-loading range (£50
to 100 N) for anterior and posterior motion, respectively. Thus, anterior stiffness and posterior stiffness
were defined as force per displacement (N/mm) and calculated by dividing 50 N (load differences
between £0 and 50 N and +50 and 100 N) by displacement for the respective loads. To measure I-E
stiffness, the data were plotted over a low-loading range (£0 to 2 N-m) and high-loading range (+2
to 4 N-m) for inversion and eversion rotation, respectively. Thus, inversion stiffness and eversion
stiffness (N-m per degree ROM) were defined as torque (N-m) per degree of range-of-motion (ROM)
and calculated by dividing 2 N-m of torque (torque differences between £0 and 2 N-m and +2 and
4 N-m) by degrees ROM for the respective torque loads [21,23].

Separate one-way repeated-measures analyses of variance (ANOVA) were conducted to compare
differences for PF and DF ROM and AP and I-E motion and stiffness across the three support conditions
(KT [Kinesio tape], ST [sham-Kinesio tape], and NT [no tape]). Post hoc comparisons were assessed
using Fisher’s Least Significant Difference (LSD) Test.

Time-to-stabilization (TTS) was calculated from the vertical ground reaction force (GRFv)
component of the ground reaction force [24]. Two windows of the last 10 s of time-to-stabilization
for each trial were analyzed, and the window with the smallest absolute GRF range was accepted
as the optimal range-variation value. This value represents the window in which the dancer
displayed optimal balance. The vertical data component was identified and starting at the peak GRF,
an unbounded third-order polynomial was fitted to the GRFv component. The TTS was determined as
the point at which the unbounded third-order polynomial transects the static horizontal line [25,26].
Separate one-way repeated-measures analyses of variance (ANOVA) were conducted to compare
differences for PF and DF ROM, and AP and I-E motion and stiffness across the three support conditions
(KT [Kinesio tape], ST [sham-Kinesio tape], and NT [no tape]). Repeated measures ANOVAs were
conducted to evaluate the effect of support condition (KT [Kinesio tape], ST [sham-Kinesio tape],
and NT [no tape]) on TTS by type of jump (sauté arabesque, sissonne ouverte de coté, and sissonne
ouverte an evant). Post hoc pairwise analyses were performed using Fisher’s Least Significant
Difference (LSD) Test. A level of significance () was set a priori at 0.05. All statistics were computed
using SPSS statistical software (version 23.0; SPSS Inc., Chicago, IL).

3. Results

3.1. Ankle Complex Stability

Table 1 shows the results of the analysis of ankle complex stability by support condition.
Significant main effects for support were observed for inversion rotation (F(2,22) = 12.81, p < 0.001;
n? = 0.54) and eversion rotation (F(2, 22) = 5.301, p =0.013; n? = 0.325), but not anterior displacement
(F(2,22) =0.894, p = 0.424; n? = 0.075) or posterior displacement (F(2, 22) = 1.72, p = 0.202; n? = 0.135).
Pairwise comparisons showed Kinesio tape (KT) support significantly restricted inversion rotation
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compared to NT (p = 0.002) and ST (p < 0.001). In addition, the KT support significantly restricted
eversion rotation compared to NT (p = 0.007) and ST (p = 0.05). However, no significant differences
between ST and NT were found for either inversion rotation (p = 0.072) or eversion rotation (p = 0.239).

Table 1. Arthrometric Measurements of Passive Ankle Complex Motion by Support Condition.

Support Anterior Posterior Inversion Eversion
Condition Displacement (mm)  Displacement (mm) (° ROM) (° ROM)
Kinesio Tape 10.00 £ 3.3 10.36 + 3.2 28.17 +6.72 2337 +49Pb
No Tape 1212 £ 3.5 11.64 + 34 35.96 £9.1 28.14 £ 8.3
Sham-KT 11.08 3.4 1148 +£2.3 32.68 £5.7 26.05 £ 5.5

Abbreviations: mm, millimeter; ° ROM, degrees range of motion. *® Kinesio Tape significantly restricted inversion
and eversion rotation compared to No Tape and Sham-KT (p < 0.05).

Table 2 shows the results of the analysis of ankle complex stiffness by support condition.
For inversion stiffness in the low-load range, we noted a main effect for support (F(2,22) = 13.897,
p <0.001; n? = 0.558). Kinesio tape (KT) support significantly increased stiffness compared to NT
(p=0.016) and ST (p = 0.014). In addition, ST significantly increased inversion stiffness compared
to NT (p = 0.008). No significant support main effects (p > 0.05) were found for high-load inversion
stiffness or for low- or high-load eversion, anterior, or posterior stiffness ranges (p > 0.05).

3.2. Ankle Joint Range of Motion

No statistically significant main effects for support for either PF ROM (F(2,22) =2.947, p = 0.073;
n? = 0.211) or DF ROM (F(2,22) = 1.090, p=0.354; n? = 0.09) were found. Plantarflexion ROM differences
among ankle support conditions ranged from 0.5° to 1.74° (KT = 46.91 & 5.8°; ST = 47.38 £4.8°; and
NT =48.65 £ 4.6°). Dorsiflexion ROM differences among ankle support conditions ranged from 0.62°
to 1° (KT =26.00 £ 7.1°; ST = 26.62 & 6.2°; and NT = 27.07 £ 7.5°).

3.3. Time to Stabilization

The results of the ANOVA indicated a significant support condition effect on TTS for JA, sauté
arabesque, F(2,70) = 3.687, p = 0.03, n2 = 0.095. Follow-up tests to evaluate pairwise differences
indicated that mean TTS for the ST condition (0.555 £ 0.14) was significantly lower (p = 0.02) than the
NT condition (0.651 = 0.205). However, the KT condition (0.583 =+ 0.126) was not significantly different
(p > 0.05) from the ST condition or NT condition. No significant support condition effects on TTS were
found for JF, sissonne ouverte an evant, F(2,70) = 0.049, p = 0.95, n2 = 0.001 or JS, sissonne ouverte de
coté, F(2,70) = 0.215, p = 0.81, n2 = 0.006. The means and standard deviations for the three ballet jump
landings by support condition are reported in Table 3.
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Table 2. Arthrometric Measurements of Ankle Complex Stiffness in Low-Load Range and High-Load Range by Support Condition.

Anterior (N-mm) Posterior (N-mm) Inversion (N-M/°) Eversion (N-M/°)
Low Load High Load Low Load High Load Low Load High Load Low Load High Load
Range Range Range Range Range Range Range Range
KT 1091 + 6.3 10.75 + 4.7 14.12 £ 8.7 10.39 £ 45 0.167 £ 0.07 @ 0.157 £ 0.03 0.196 £ 0.08 0.191 £ 0.03
NT 9.03+4.1 9.86 £2.5 10.90 +3.9 9.30 £4.7 0.102 £ 0.04 0.180 £ 0.05 0.165 £ 0.11 0.187 £ 0.04
ST 10.21 +4.2 10.82 +£5.9 11.31 + 3.6 871 £33 0.111 +0.04 ° 0.175 £ 0.02 0.176 £ 0.08 0.183 £ 0.04

Abbreviations: KT, Kinesio tape; NT, No tape; ST, Sham-Kinesio tape; N-mm, Newton-millimeter; N-M/°, Newton-meter per degree. * KT significantly greater than NT and ST (p < 0.05).
b ST significantly greater than NT (p = 0.008).
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Table 3. Time-to-stabilization (M £ SD) by Support Condition and Type of Ballet Jump.

Support Condition Jump Type Time-to-Stabilization(s)

Kinesio Tape JA 0.583 - 0.13
No Tape JA 0.651 & 0.21
Sham-Kinesio Tape JA 0.555 + 0.15
Kinesio Tape JE 0.626 - 0.13
No Tape JF 0.628 + 0.12
Sham-Kinesio Tape JF 0.634 £ 0.09
Kinesio Tape JS 0.585 £ 0.13
No Tape JS 0.592 £0.12
Sham-Kinesio Tape ]S 0.617 +0.33

Abbreviations: JA, sauté arabesque; JF, sissonne ouverte an evant; JS, sissonne ouverte de coté.

4. Discussion

Despite the high prevalence of ankle injuries in ballet [27-29], few studies have investigated the
effects of Kinesio taping on the mechanical characteristics of the ankle complex in ballet dancers [10].
Our primary finding based on arthrometric measurement indicates Kinesio taping with tension (KT)
compared to ST and NT restricted inversion motion without reducing plantarflexion motion. This finding
would be beneficial to the dancer to achieve full pointe while limiting excessive frontal plane motion.
The KT support produced approximately 20% greater restriction in inversion-eversion motion and for
the ballet dancer, this finding appears beneficial to preventing a lateral ankle sprain. When a ballet
dancer is transitioning from flat-footed standing to standing en pointe, there is instability in the frontal
plane. Instead of moving directly into plantarflexion, a ballet dancer may invert her foot during the
transition, potentially contributing to the mechanism that causes a lateral ankle sprain. Application of
Kinesio tape could help restrict inversion-eversion motion without restricting PF and DF ROM.

We found anterior-posterior translation of the ankle complex was not affected by the Kinesio
tape application. This finding supports similar findings reported by Fayson et al. who employed a
Kinesio tape configuration designed to restrict anterior displacement [10]. The Kinesio tape application
used by Fayson et al. included a strip of tape applied transversely across the anterior ankle to restrict
anterior motion. The Kinesio tape application we applied did not include a strip of tape applied in
this manner. Our Kinesio tape configuration utilized strips of tape positioned to lock the subtalar joint
which may explain why the Kinesio taping we applied effectively restricted inversion rotation.

To provide an assessment of the tape and supporting ankle complex tissue elasticity (stiffness),
load-displacement data were examined over low-load and high-load ranges [21,23]. Although
stiffness characteristics and the soft tissue loading response of ankle complex are documented in
the literature [19,30,31], the stiffness characteristics and loading response using Kinesio tape are
less understood [10]. The KT support significantly increased ankle complex inversion stiffness
compared to NT and ST in the low-loading range but not the high-loading range. The ST support
also significantly increased ankle complex inversion stiffness in the low-loading range compared
to NT. The contribution of the KT and ST supports to ankle complex stiffness in the low-loading
range was high. However, towards the extremes of motion (high-load range), the ankle complex
soft tissues generally become stiffer as the tissue is loaded that may have diminished the relative
contribution of KT support to the total stiffness in this region. In addition, the ST was found to
significantly increase inversion stiffness compared to NT, which indicates that the Kinesio tape may
have activated subcutaneous mechanoreceptors to improve joint proprioception and stiffness [11].
The stretching effects of the Kinesio tape on the skin in the KT trial are believed to stimulate
cutaneous mechanoreceptors, which in turn convey information about joint position and movement.
This effect likely induces a tensile/stretching mechanism that increases mechanoreceptor activity
through biofeedback mechanisms [32]. Although Kinesio tape applied to the skin without tension
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(ST trial) likely would not activate mechanoreceptors, when ankle-complex movement was initiated
during arthrometric loading, it was possible that stretching of the tape on the skin could have occurred
that created cutaneous stimulation that resulted in unexpected kinesthetic feedback. Additional studies
are needed to determine the effects of Kinesio tape on proprioception to support its use over other
types of elastic tape in the management or prevention of ankle sprain.

Kinesio taping application did not produce a change in low- or high-loading range stiffness of
the ankle complex for eversion, anterior, and posterior translation. This finding shows that the tape
configuration and/or the amount of tension did not provide additional restraint and indicates the
KT and ST provided no additional support to the ankle complex passive constraint structures (joint
capsule, bone geometry, ligaments, etc.) [21,23]. In contrast, Fayson et al. found anterior stiffness
significantly increased after KT application, despite no change in anterior laxity [10]. These results
indicate that Kinesio tape may improve static restraint in the ankle joint without altering peak motion.
The inconsistent findings between studies may be attributable to methodological differences and
variations in tape application procedures, the nature of skin preparation, the amount of tension
generated within tape strips as they are adhered to the skin, and the orientation of tape strips in
relation to anatomic structures. Additionally, the modest sample size in the present study (N = 12)
may have played a role in limiting the sensitivity of some of the statistical comparisons conducted
because of the large effect size required to reach adequate power.

Kinesio tape application with tension did not improve time-to-stabilization (TTS) when compared
to ST and no-tape. Previous research using TTS as a measure of dynamic postural control used
non-dancers who performed various jumping and hopping tasks that ended in single-leg landing
on a force plate [10,26]. Participants in the study by Fayson et al. [10] performed a forward hop, lateral
hop, medial hop, and backward hop, causing them to transition from a dynamic to a static state and
reported the Kinesio tape application did not have an effect on dynamic postural control. The present
study employed common ballet jumps that required the dancer to jump forward and laterally with
the non-weight bearing leg either in a position of abduction or extended posteriorly. Jump landing
with the non-weight bearing leg positioned away from the body’s midline required eccentric strength,
coordination, and stability of the ankle joint when landing which likely created different joint and
neuromuscular control demands similar to those previously reported. Although the current study found
that Kinesio taping with tension restricted ankle inversion, the effect of limiting ankle inversion on
altered ballet landing mechanics at the knee and hip joints is unknown. Previous research has shown that
ankle taping using standard athletic tape reduced forces at the more proximal knee joint during various
dynamic sporting maneuvers [33]. Future research into the neuromechanical effects of taping on the
lower-limb function is required to enhance our understanding of the mechanisms behind ankle taping.

Wikstrom et al. [34] investigated dynamic postural stability in subjects with braced and
functionally unstable ankles. While they did not find improvement in dynamic postural stability, they
reported that the vertical stability index was significantly lower for the braced conditions compared
with the control condition. The authors suggested that external ankle support may aid in attenuating
vertical ground reaction forces. Since no effect on TTS was found in the present study, Kinesio tape
application with tension did not affect the vertical ground reaction forces and time-to-stabilization
following the jumping tasks. Kinesio tape has significantly less mass than traditional taping and
bracing and is primarily elastic in nature, which may detract from its ability to supply structural
support to reduce or affect vertical ground reaction forces. The lack of significant findings in TTS with
KT support may also be attributed to the dancers utilizing other neuromuscular balance strategies,
such as a hip strategy to maintain postural control. A limitation of this study is that the dancers who
participated were healthy and had not experienced an ankle injury within the six months prior to
testing. Thus, they may not have demonstrated decreased neuromuscular control during their jump
landing task that is oftentimes associated with functional instability after an ankle sprain injury.
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5. Conclusions

Female ballet dancers who perform en pointe dance in extreme ranges of motion on a very small,
potentially unstable base. The extreme positions require balance control and dependence on the ankle
complex for support. Since ballet dancers do not wear traditional taping and bracing due to motion
restrictions and unappealing aesthetic nature, this investigation of alternative support was performed.

Our overall findings indicate that application of Kinesio tape with or without tension did not
improve time to stabilization in ballet dancers when landing from a jump. Since impaired dynamic
balance is a risk factor for ankle sprain, future research using individuals with previous ankle
injury may be necessary to assess the effect of Kinesio taping on time to stabilization. For ankle
complex stability, the results demonstrate that Kinesio taping with tension significantly restricted
inversion-eversion rotation and increased inversion stiffness. These findings indicate that Kinesio
taping with tension restricted frontal plane motion of the ankle complex without reducing plantar-
and dorsi-flexion range of motion.

The present study revealed that the method of Kinesio tape application affects the extent to
which talocrural-subtalar joint motion is restrained. Protection of the ankle ligaments is particularly
important when helping the ballet dancer safely return to participation after sustaining an ankle sprain
injury. Additional research using individuals with a history of previous ankle sprain is warranted to
determine the effects of different Kinesio taping configurations on ankle complex motion and TTS with
the goal to reduce the high rate of lateral ankle sprains experienced by the ballet dancer.

Author Contributions: Conceptualization, A.E.B.,, N.A.S., M.EH.,, WL, LR.G,, J.EK,, and C.A.R.; Data curation,
A.EB., N.AS,, and J.EK,; Formal analysis, A.E.B.,, N.A.S., WL,, ] EK,, and C.A.R; Investigation, A.E.B.,, N.A.S.,
M.E.H.,, and J.E.K.; Methodology, A.E.B.,, N.A.S, M.EH., WL, LR.G, J.EK,, and C.A.R,; Project administration,
A.EB.,, N.AS., and J].LE.K,; Resources, A.E.B., N.A.S., and J.LE. K.; Software, A.E.B., N.A.S.,, WL.,JEK, and C. AR,
Supervision, A.E.B. and N.A.S,; Validation, A.E.B.,, N.A.S.,, WL, LR.G,, ]. EK,, and C.A.R;; Visualization, A.E.B.,
N.AS., WL, LR.G,]J.EK, and C.AR; Writing-original draft, A.E.B.,, N.A.S, M.EH., WL., LR.G,, JEK,, and
C.A.R.; Writing-review and editing, A.E.B., N.A.S,, LR.G., and J. EK.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Leanderson, J.; Eriksson, E.; Nilsson, C.; Wykman, A. Proprioception in classical ballet dancers: A prospective
study of the influence of an ankle sprain on proprioception in the ankle joint. Am. J. Sports Med. 2016, 24,
370-374. [CrossRef]

2. Wiesler, E.R.; Hunter, D.M.; Martin, D.E,; Curl, WW.; Hoen, H. Ankle flexibility and injury patterns in
dancers. Am. J. Sports Med. 1996, 24, 754-757. [CrossRef]

3.  Ahonen, J. Biomechanics of the foot in dance: A literature review. J. Dance Med. Sci. 2008, 12, 99-108. [PubMed]

4. Bowling, A. Injuries to dancers: Prevalence, treatment, and perceptions of causes. Br. Med. ]. 1989, 298,
731-734. [CrossRef]

5. Byhring, S.; Bo, K. Musculoskeletal injuries in the Norwegian National Ballet: A prospective cohort study.
Scand. ]. Med. Sci. Sports 2002, 12, 365-370. [CrossRef]

6. Ritter, S.; Moore, M. The relationship between lateral ankle sprain and ankle tendonitis in ballet dancers.
J. Dance Med. Sci. 2008, 12, 23-31. [PubMed]

7. Ewalt, K L. Bandaging and taping considerations for the dancer. J. Dance Med. Sci. 2010, 14, 103-113.

Lee, S.M.; Lee, ].H. The immediate effects of ankle balance taping with kinesiology tape on ankle active range
of motion and performance in the Balance Error Scoring System. Phys. Ther. Sport 2017, 25, 99-105. [CrossRef]

9.  Ohman, A M. Kinesiology taping a therapeutic tool in the paediatric population. J. Nov. Physiother. 2013, 3,
173-174. [CrossRef]

10. Fayson, S.D.; Needle, A.R.; Kaminski, T.W. The effects of Kinesio taping on ankle stiffness and dynamic
balance. Res. Sports Med. 2013, 21, 204-216. [CrossRef] [PubMed]

11. Halseth, T.; McChesney, ] W.; DeBeliso, M.; Vaughn, R.; Lien, ]. The effects of Kinesio taping on proprioception
at the ankle. J. Sports Sci. Med. 2004, 3, 1-7.


http://dx.doi.org/10.1177/036354659602400320
http://dx.doi.org/10.1177/036354659602400609
http://www.ncbi.nlm.nih.gov/pubmed/19618585
http://dx.doi.org/10.1136/bmj.298.6675.731
http://dx.doi.org/10.1034/j.1600-0838.2002.01262.x
http://www.ncbi.nlm.nih.gov/pubmed/19618575
http://dx.doi.org/10.1016/j.ptsp.2016.08.013
http://dx.doi.org/10.4172/2165-7025.1000173
http://dx.doi.org/10.1080/15438627.2013.792083
http://www.ncbi.nlm.nih.gov/pubmed/23777376

J. Funct. Morphol. Kinesiol. 2019, 4, 19 14 of 14

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

Wang, Y,; Gu, Y.; Chen, J.; Luo, W.; He, W.; Han, Z; Tian, ]. Kinesio taping is superior to other taping methods
in ankle functional performance improvement: A systematic review and meta-analysis. Clin. Rehabil. 2018,
32, 1472-1481. [CrossRef]

Huang, C.Y.; Hsieh, T.H.; Lu, S.C.; Su, EC. Effect of Kinesio tape to muscle activity and vertical jump
performance in healthy inactive people. BioMed Eng. OnLine 2010, 10, 70-80. [CrossRef]

Nakajima, M.; Baldridge, C. The effect of Kinesio Tape on vertical jump and dynamic postural control. Int. J.
Sports Phys. Ther. 2013, 8, 393—406.

Costa de Mello, M.; de Sa Ferreira, A.; Felicio, L.R. Postural control during different unipodal positions in
professional ballet dancers. J. Dance Med. Sci. 2017, 21, 151-155. [CrossRef]

da Costa, PH.L.; Nora, EG.S.A_; Vieira, M.E,; Bosch, K.; Rosenbaum, D. Single-leg balancing in ballet: Effects
of shoe conditions and poses. Gait Posture 2013, 27, 419-423. [CrossRef]

Lin, C,; Lee, L; Liao, J.; Wu, H.; Su, G. Comparison of postural stability between injured and uninjured ballet
dancers. Am. J. Sports Med. 2011, 36, 1324-1331. [CrossRef]

Hubbard, T.J.; Kovaleski, ].E.; Kaminski, T.W. Reliability of intratester and intertester measurement derived
from an instrumented ankle arthrometer. J. Sport Rehabil. 2003, 12, 208-220. [CrossRef]

Kovaleski, J.E.; Hollis, J.M.; Heitman, R.J.; Gurchiek, L.R.,; Pearsall, A.W. Assessment of
ankle-subtalar-joint-complex laxity using an instrumented ankle arthrometer: An experimental cadaveric
investigation. J. Athl. Train. 2002, 37, 467-474.

Kovaleski, J.E.; Gurchiek, L.R.; Heitman, R.]J.; Hollis, J.M.; Pearsall, A.W. Instrumented measurement of
anteroposterior and inversion-eversion laxity of the normal ankle joint complex. Foot Ankle Int. 1999, 20,
808-814. [CrossRef]

Kovaleski, J.E.; Norrell, PM.; Heitman, R.J.; Hollis, ].M.; Pearsall, A.W. Knee and ankle position, anterior
drawer laxity, and stiffness of the ankle complex. J. Athl. Train. 2008, 43, 242-248. [CrossRef]

Bruyneel, A.V.; Mesure, S.; Pare, ].C.; Bertrand, M. Organization of postural equilibrium in several planes in
ballet dancers. Neurosci. Lett. 2010, 485, 228-232. [CrossRef]

Kovaleski, J.E.; Heitman, R.].; Gurchiek, L.R.; Hollis, ].M.; Liu, W.; Pearsall, A.W. Joint stability characteristics
of the ankle complex after lateral ligamentous injury, part I: A laboratory comparison using arthrometric
measurement. J. Athl. Train. 2014, 49, 192-197. [CrossRef]

Colby, S.M.; Hintermeister, R.A.; Torry, M.R.; Steadman, J.R. Lower limb stability with ACL impairment.
J. Orthop. Sports Phys. Ther. 1999, 29, 444-454. [CrossRef]

Ross, S.E.; Guskiewicz, K.M. Time to stabilization: A method for analyzing dynamic postural stability.
Athl. Ther. Today 2003, 8, 37-39.

Wikstrom, E.; Tillman, M.; Borsa, P. Detection of dynamic stability deficits in subjects with functional ankle
instability. Med. Sci. Sports Exerc. 2005, 37, 169-175. [CrossRef]

Milan, K.B. Injury in ballet: A review of relevant topics for the physical therapist. J. Orthop. Sports Phys. Ther.
1994, 19, 121-129. [CrossRef]

Nilsson, C.; Leanderson, J.; Wykman, A.; Strender, L. The injury panorama in a Swedish professional ballet
company. Knee Surg. Sports Traumatol. Arthrosc. 2001, 9, 242-246. [CrossRef]

Quirk, R. Ballet injuries: The Australian experience. Clin. Sports Med. 1983, 2, 507-514.

Leardini, A.; O’Connor, J.J.; Catani, F.; Giannini, S. The role of the passive structures in the mobility and
stability of the human ankle joint: A literature review. Foot Ankle Int. 2000, 21, 602-615. [CrossRef]
Tohyama, H.; Beynnon, B.D.; Renstrom, P.A.; Theis, M.].; Fleming, B.C.; Pope, M.H. Biomechanical analysis
of the ankle anterior drawer and talar tilt tests for anterior talofibular injuries. J. Orthop. Res. 1995, 13,
609-614. [CrossRef]

Grigg, P. Peripheral neural mechanisms in proprioception. J. Sport Rehabil. 1994, 3, 2-17. [CrossRef]

Stoffel, K.K.; Nicholls, R.L.; Winata, A.R.; Dempsey, A.R.; Boyle, J.].; Lloyd, D.G. Effect of ankle taping on
knee and ankle joint biomechanics in sporting tasks. Med. Sci. Sports Exerc. 2010, 42, 2089-2097. [CrossRef]
Wikstrom, E.A.; Arrigenna, M.A_; Tillman, M.D.; Borsa, P.A. Dynamic postural stability in subjects with
braced, functionally unstable ankles. |. Athl. Train. 2006, 41, 245-250.

® © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1177/0269215518780443
http://dx.doi.org/10.1186/1475-925X-10-70
http://dx.doi.org/10.12678/1089-313X.21.4.151
http://dx.doi.org/10.1016/j.gaitpost.2012.08.015
http://dx.doi.org/10.1177/0363546510393943
http://dx.doi.org/10.1123/jsr.12.3.208
http://dx.doi.org/10.1177/107110079902001210
http://dx.doi.org/10.4085/1062-6050-43.3.242
http://dx.doi.org/10.1016/j.neulet.2010.09.017
http://dx.doi.org/10.4085/1062-6050-49.2.07
http://dx.doi.org/10.2519/jospt.1999.29.8.444
http://dx.doi.org/10.1249/01.MSS.0000149887.84238.6C
http://dx.doi.org/10.2519/jospt.1994.19.2.121
http://dx.doi.org/10.1007/s001670100195
http://dx.doi.org/10.1177/107110070002100715
http://dx.doi.org/10.1002/jor.1100130417
http://dx.doi.org/10.1123/jsr.3.1.2
http://dx.doi.org/10.1249/MSS.0b013e3181de2e4f
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Design 
	Participants 
	Instrumentation 
	Data Collection 
	Taping Procedure 
	Ballet Jump Procedures 
	Ankle Arthrometric Procedures 
	Data Reduction and Statistical Analysis 


	Results 
	Ankle Complex Stability 
	Ankle Joint Range of Motion 
	Time to Stabilization 

	Discussion 
	Conclusions 
	References

